As our climate changes, the occurrence of extreme weather events and heavier rainfall becomes more common. This change in weather patterns and precipitation results in a greater number of recorded flood events and a larger magnitude of flood events. Canadian municipalities are therefore facing a pressing demand to perform hazard assessments to identify communities at risk and measure potential economic and societal losses due to flood events. Federal Emergency Management Agency (FEMA) developed a standardized tool, Hazus-MH, for loss estimation from natural disasters for use in the US. Recently, Hazus has been adapted for use in Canada. This paper introduces the Hazus flood loss assessment model and the adaption and development required for the Canadian Hazus release. Furthermore, the steps followed with respect to data acquisition and preparation of the required exposure and hazard input data and attribute translation methodology to conform to Hazus classifications for the pilot study in Fredericton, NB, are presented. A subsequent paper will report the flood model results and compare them to actual expenditures from the 2008 flood in Fredericton to verify the validity of the model, depth damage curves, and parameters employed.
INTRODUCTION
In New Brunswick (NB), the chance of flooding due to snow melt, ice jams, and heavy rainstorms (Environment Canada, 2013a ) is a concern as many residential areas and extensive infrastructure have been developed close to rivers. With observed changes in the earth's climate, including the atmospheric composition, global average temperature, and ocean conditions, local weather patterns are changing (Stocker et al., 2013) . With this variability in the weather patterns, it is becoming increasingly important for municipal (and other levels of) government to perform accurate risk-assessments in flood prone and coastal communities. Knowing regions of vulnerability are important for disaster planning, mitigation and recovery, and preparedness response (Nastev & Todorov, 2013) . The method being adapted by Natural Resources Canada (NRCan) to respond to this issue is to adapt the Federal Emergency Management Agency (FEMA) Hazus-MH (Hazus) software.
The objective, to compare the results of loss estimation software to the recorded expenditures in Fredericton to determine the accuracy and quality of Hazus, is identified in Section 4. The flood scenario (the 2008 flood in Fredericton) is described in Section 5. The cost of this flood, as reported by the Government of New Brunswick in the Flood History database exceeds $230,000,000. Model expectations and parameters which may be modified to best fit the true expenditures are discussed in Section 6.
FLOOD RISK: FREDERICTON
The selection of municipality for this first pilot study was a difficult one, as flooding has been reported and is of concern to many municipalities located along the Saint John River floodplain.
The Saint John River is a major waterway that runs throughout the province of New Brunswick. The source of the river is Lake Saint John, Maine. The Saint John River is 670 km long, drains an area of approximately 55,000 km 2 , and has an elevation range of approximately 360 meters. The watershed includes parts of Maine, Quebec, and New Brunswick.
A comprehensive database of flood events dating back to the 1600s is available on the Government of New Brunswick (GNB) web site (GNB, n.d.a). The flood database records also indicate that many communities situated along the Saint John River The Saint John River flows through the city, dividing the "North" and "South" sections. Figure 2 illustrates the city layout, indicating the exposure, density, Saint John River, and 2008 flood boundary.
Today, Fredericton is not only the capital of the Province; it is an information technology hub. This has resulted from the combination of the University of New Brunswick, NB Tel (Bell Aliant), the provincial government, and private entrepreneurs (Canadian Encyclopedia, n.d.) . 
HAZUS
Hazus, developed by FEMA, is a standardized methodology for estimating potential losses from disasters (FEMA, 2012) . Originally developed in the 1990s as a toolset aimed at getting a regional understanding of the impact of hazards, it has evolved to offer community level results (FEMA 2012) . Users of Hazus are able to: (a) identify vulnerable areas, (b) estimate potential losses, (c) assess how ready they are to respond to a natural disaster, (d) decide how to allocate resources, and (e) prioritize mitigation measures. Hazus includes models for estimating potential losses from earthquakes, hurricanes, and floods as basic models; it also includes the ability to model storm surges along the coast as a combination of the hurricane and flood models. This is accomplished through the use of GIS technology to estimate the physical, economic, and social impacts of the disaster (FEMA, 2012) . Free of charge, Hazus is an extension of ArcGIS and will not function without the underlying architecture map engine and analytical processes of ArcGIS. In the next subsection, we briefly describe the Hazus Flood Model.
Hazus Flood Model
Hazus is used extensively in the US by government planners, GIS specialists, and emergency managers for predisaster planning to break the cycle of disaster, damage, and reconstruction. Potential disasters are modeled, and the results can be visualized to spatially identify relationships between populations and other permanently fixed assets. Additionally, tables and reports of inventory loss, replacement, and depreciation value are generated.
The loss estimation methodology employed by Hazus can be thought of as a multilevel approach. The first level uses the out-of-the-box functionality and inventory data and requires minimal user knowledge or input. National level datasets for each US state have been developed and considered default inventory (demography and built environment). Users can run a Hazus flood model scenario and analysis simply by selecting a study area (census blocks of interest) using this default inventory data; however, the results will be crude. A more detailed analysis is undertaken as part of the Level 2 analysis. In this level, users import their own more detailed local level data of the flood hazard scenario and inventory. A Level 3 analysis includes local level data and also modification to the existing parameters and damage assumptions built into Hazus. As the level of analysis increases, the level of user knowledge is increased, as is the quality of the Hazus loss estimates.
For more sophisticated analyses of the flood hazard, the user can apply the Flood Information Tool (FIT). In FIT, flood frequency, discharge, and ground elevation are used to model the spatial extent and velocity of the flooding. Within FIT, the selection of coastal, riverine, or a combination of the two is available. The other option is that the flood hazard is calculated outside Hazus and imported as a user provided input.
While other loss estimation software has been limited to repair and replacement costs, Hazus extends its output to include consequential losses (FEMA, 2012) . These consequential losses give an indication of the impact of the flood on the community. This combination gives a greater approximation to the overall impact of the flood. The flood model, however, is limited to loss estimation derived directly from building and infrastructure damage.
Direct economic losses with respect to buildings calculated by Hazus include structural repair and replacement and costs related to contents damage. Figure 4 illustrates how the direct economic loss module fits within the Hazus methodology. In the case of aggregated inventory, Hazus performs an area-weighted assessment of damage and losses within the census block. Within the census block, the inventory is assumed to be equally distributed (the percentage of buildings of a given type impacted by given flood depth is equal to the percentage of the census block inundated by that depth), and damage and losses are computed proportionally to the flood depth distribution computed for the census blocks.
Other direct economic losses include timedependent income losses, such as relocation expenses, wage loss, rental income loss, and capital related income loss.Specific to the flood module is loss estimation to vehicles and agriculture.
Indirect economic losses are also calculated in Hazus, including employment losses, postflood change in the demand and supply of products, employment, and changes in tax revenues. For a detailed description of the Hazus methodology and software, visit http://www.fema.gov/hazus and http://hazus canada.ca/ for the Canadian application of Hazus.
Hazus Canada
In 2011, a Hazus adaption and codevelopment agreement was signed by Natural Resources Canada (NRCan), Defence Research and Development Canada (DRDC), and FEMA. An adaption of the program was necessary as Hazus was designed for use in the US. A number of components needed to be modified for Canadian use.
One of the first steps required in the adaption was the creation of a boundary polygon. This polygon represents the coast of Canada to identify areas which can be used in the coastal flood analysis.
Another preliminary step was the generation of administrative units. In the US Hazus system, a fourtiered system is used: State, County, Census Track, and Census Block, each containing a smaller geographic area (FEMA, 2012) . The Canadian census (2001) data were used in the generation of these geographic units in Canada. Canada does not use census blocks; instead, NRCan has implemented the use of dissemination blocks (DB). The DB is the smallest geographic unit of analysis and is an area equivalent to a city block, bounded by intersecting streets (Statistics Canada, 2012) . The four geographic tiers are therefore: Province, County, Census Track, and Dissemination Block. A naming convention for all geographic boundaries needed to be created, as well, which identified each parcel and conformed to the Hazus database structure.
Canadian inventory databases were also required to perform analysis. The Canadian default inventory databases contain aggregated buildings including seven occupancies (residential, industrial, commercial, educational, governmental, agriculture and religious). This represents Level 1 inventory data; however, users should be aware of the limited accuracy of the inventory. User input is needed for essential facilities, transportation, and utilities. Additionally, importing local building data with own coordinates is recommended.
The demographic data in the Canadian 2011 census has been input into the Hazus default databases. The census attributes used in Canada, do not match exactly to the US, and calculations were completed based on the US Hazus attributes (Nastev & Todorov, 201) . Table 2 represents how the Canadian male census data were fitted to the "Male16to65" category in Hazus.
Additionally, Hazus uses flood mapping schemes and tables to identify the types and occupancy of the exposed buildings. For the Canadian Hazus, assumptions have been made based on the mapping schemes of the nearest US state (Nastev & Todorov, 201) . Differing from the US, in Canada, these calculations of standard damage curves and identification of how structures respond to flooding could not be found, and, at present, the same USACE derived values remain as the default. The users can, however, introduce their own damage curves. Parameters which comprise the depth damage curve for vulnerability assessment include the foundation type, the elevation of the first floor from grade, and age of structure ( Figure 5 ).
Before Hazus Canada is released, a series of test projects per province will be created and the results compared to actual spending and affected areas.
The Canadian earthquake model was released nationally and has been in use since 2012. The flood model is released in a beta version for the western portion of the country. A full national release is expected in August 2014.
Hazus Inventory
As discussed earlier, Hazus requires two major inputs: inventory and flood hazard (extent, depth). The more accurate and up to date the inventory, the better the resulting loss estimate will be. Hazus inventory is categorized and divided across a number of databases. These include building stock, essential facilities, transportation, and utilities. The building stock dataset contains seven major occupancy categories (residential, commercial, industrial, governmental, educational, agricultural, and religious) classified further into 33 specific occupancies. These occupancy classifications, along with building attribute information such as building age, foundation type, height of the first floor, and the presence of a basement, are utilized by the flood model to estimate damage to structure and content. The inventory information necessary for determining the given percentage of damage is given by the relationship between specific occupancy classifications and the building types (FEMA, 2009 ).
The loss estimation may be run on aggregated building stock data at the census-dissemination level to represent dollar exposure or calculated at the building-by-building level for data provided by the user. The essential facility database contains assets such as police stations, fire stations, hospitals, and schools.
The impact to the functionality of these essential facilities is determined when the model is run. Highway and railway bridges, as well as other transportation facilities, such as bus and port facilities, are included in Hazus. Default inventory for population demographics is used to determine population at risk, shelter needs, and cost of relocation or wage loss estimates (in case of aggregated building damage). Specific to the flood model is a consideration of vehicle inventory as well as agriculture data and crop fields. Depending on the time of day, duration, and time of year, a flood may cause more or less damage to crop yield.
DATA PREPARATION FOR NB INVENTORY
Collection of data to perform a Level 2 analysis had its challenges. While the open data policy in the City of Fredericton made available many datasets, there were some which were not acquired (to date) due to sharing or privacy concerns. The key databases required to be populated for analysis include: (a) building square footage by occupancy type, (b) full replacement value, (c) building count by occupancy (for aggregated data), (d) building coordinates (for user provided data), (e) occupancy, and (f) demographics (FEMA, 2012) . For this pilot study, data were not collected; rather it was assembled from a number of municipal and provincial sources.
Data Sources
Working closely with Public Safety Canada (PSC), information regarding datasets was managed and availability at various organizations was facilitated (Table 3 ). In addition to data sourced through PSC, an agreement between the University of New Brunswick and provincial agencies has yielded inventory data for Level 2 analysis in Hazus. 
Building Classification
Through a data-sharing agreement between the University of New Brunswick and Service New Brunswick (SNB), access to the assessment data for all parcels in New Brunswick is available. The assessment database is available as MDB and contains the following attributes used by Hazus: (a) address, (b) description of property, (c) building category, (d) first assessment year, (e) assessment value. Additionally, a Parcel Identifier (PID) is contained in the database which was joined with a Land Parcel shapefile (available from the SNB GeoNB web site). This join enabled geographic visualization of the assessment data. A spatial join was made with a building polygon shapefile which was available through the City of Fredericton Data Catalogue, as this shapefile did not contain property of parcel data. The building category codes, as used in New Brunswick, do not match the system as used in Hazus. It was necessary to create a table identifying how each NB occupancy category fit into the Hazus data structure. Then SQL queries were run on the data to populate the Hazus occupancy code field. A sample of this table is shown in Table 4 . The contents replacement value was estimated as a percentage of the structure replacement value. The default structure value ratios per each occupancy class given in the Flood Technical Manual (Table  14 .6) were used. These defaults are 50% of the replacement value for all residential structures and between 50% and 150% for commercial and industrial occupancy classes. These default values will be input for the initial run and, as above, will be modified as needed to better estimate the actual replacement expenditures.
Replacement Costs (Values)

Essential Facility Data
Essential facility data for police and fire stations were downloaded from the data catalogue on the City of Fredericton web site. Parking locations, street centreline, and trails were also downloaded.
In order to input to Hazus, the data needed to be converted to the ArcGIS feature class. Additionally, the files needed to be reprojected, as Hazus will only accept data in geographic coordinates (Figure 7 ). There was an address; however, there were no geographic coordinates listed for the schools. The "What's Here?" function within Google Maps was used to determine the latitude and longitude for each of the schools. This database was then imported into the ArcGIS feature class within a personal geodatabase. This feature class was merged with the hz_SchoolData template from Hazus. This template contains the appropriate field naming convention, type, and field lengths for successful import into CDMS. Finally, the Field Calculator function within ArcGIS was used to populate the Hazus-appropriate fields. A similar database of postsecondary education facilities was not found. However, the government of NB maintains a site listing postsecondary education facilities. The links to these universities and colleges were used to manually key in the associated attributes per institution.
FLOOD SCENARIO
The second major input in Hazus is the flood hazard. The 2008 flood level was used as the flood scenario in Hazus. Other scenarios, deterministic or probabilistic with a given return period, will also be considered in the second phase of the study. The A further breakdown of spending in response to the flood is desired. Additionally, records of houses with flood claims exist, though access to these records has not yet been granted. As financial information is restricted, accessing this data has its challenges. Though, the benefits of comparing actual spending to a model will help with future flood mitigation and minimization of future losses.
CONCLUSIONS
A brief description of the Hazus flood loss assessment model and ongoing efforts on acquisition of required exposure and hazard input data for the pilot study in Fredericton (NB) is presented. The release of the flood model for Hazus is set for August 2014. This gives more time to source private and restricted datasets. It is expected that the input model for Fredericton will yield only approximate economic and social losses. These may not agree with the observed real expenditures and adjustments to the default calculations and parameters will be required. These adjustments include appropriate depth damage curves followed by calculation of replacement and contents value, demographics with respect to those requiring shelter, utility system valuations, etc. Though the focus of this study was on data collection and technology, the collaborative efforts of a range of partners across the province was a necessary component of this initiative. Through this collaboration beyond data collection, areas of mutual interest across partners have been identified and new relationships have formed.
